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ANTLIA B: A FAINT DWARF GALAXY MEMBER OE THE NGC 3109 ASSOCIATION 
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ABSTRACT 

We report the discovery of Antlia B, a faint dwarf galaxy at a projected distance of ~72 kpc from 
NGC 3109 (My^—15 mag), the primary galaxy of the NGC 3109 dwarf association at the edge of 
the Local Group. The tip of the red giant branch distance to Antlia B is L)=1.29±0.10 Mpc, which 
is consistent with the distance to NGC 3109. A qualitative analysis indicates the new dwarf’s stellar 
population has both an old, metal poor red giant branch (>10 Gyr, [Fe/H]^—2), and a younger 
blue population with an age of ^200-400 Myr, analogous to the original Antlia dwarf, another likely 
satellite of NGC 3109. Antlia B has H I gas at a velocity of Vheiio,Hi=i7Q km s“^, confirming the 
association with NGC 3109 {vheiio=^03 km s“^). The H I gas mass '(M//7=2.8±0.2xl0® Mq), stellar 
luminosity 9.7±0.6 mag) and half light radius (r/j=273±29 pc) are all consistent with the 

properties of dwarf irregular and dwarf spheroidal galaxies in the Local Volume, and is most similar 
to the Leo P dwarf galaxy. The discovery of Antlia B is the initial result from a Dark Energy Camera 
survey for halo substructure and faint dwarf companions to NGC 3109 with the goal of comparing 
observed substructure with expectations from the A+Cold Dark Matter model in the sub-Milky Way 
regime. 

Subject headings: dark matter - galaxies: dwarf 


1. INTRODUCTION 

The faint end of the galaxy luminosity function is 
important for understanding the astrophysics of the 
A+Cold Dark Matter (ACDM) picture of galaxy forma¬ 
tion. Over the last ~15 years, observational work has un¬ 
covered a population of ve ry faint dwarf g alaxies around 
the Milky Way (MW; e. g. IWillmanll20ld an d references 
therein) and M31 (e.g. iMartin et al.ll201^ among oth¬ 
ers), while many more should be d iscovered by upcom¬ 
ing surveys (e.g. iHargis et al.l 1201411 . At the same time 
numerical simulations indicate that there may be hun¬ 
dreds more subhalos that are effectively ‘dark’. There are 
many physical mechanisms that are expected to either 
keep small dark matter halos dark, or severely limit the 
number of stars they form (e.g. ultraviolet heating from 
reionization, supe rnova feedback, tidal/ram pressure 
stripping; see e.g. iMaccio et al.l 201Ct iPenarrubia et al.l 


201alPontzen fc Governatoll2012 : lBovv fc Dvorkinll2013t 

Arraki et al.l 120121 and nimv others), but it is difficult 

to disentangle these effects by only looking at the dwarf 
galaxy population in a single environment - the Local 
Group. 

The search for faint satellites around the MW con¬ 
tinues to flourish, most recently due to the Dark En¬ 
ergy Camera (DECam) at Cerro Tololo International 
Observatory (CTIO) and the accompanying Dark En- 
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ergy Survey (DES), as well as other DECam wide-held 
surveys (although non-DECam surveys have also be en 
successful, e.g., Pan-STARRS: iLaevens et all 1201 Sallbll . 
Since the beginning of 2015, ^10 ne w MW dwarf satel¬ 
lites have been found with DECam (Bechtol et al.ll2015l: 
Koposov et al.l 120151 : iKim fc JerienI 20151: IMartin et ahl 
2015f) . Of particular interest has been the possible asso¬ 
ciation of thes e new dwarf systems with the Large Mag - 
ellanic Cloud (jKoposov et al.l[2M5t iDeason et al.ll201^ . 
Faint dwarfs associated with larger dwarf galaxies are 
expected in the ACDM model (e.g. iD’Onghia fc Lakj 
120081 IWheeler 611111201511 . However, it will be difficult 
to dehnitively associate a given satellite galaxy with the 
Magellanic Cloud system as opposed to the MW. Search¬ 
ing for faint dwarf galaxy systems around nearby, iso¬ 
lated dwarf galaxy groups is a more promising route to 
understanding the role that parent galaxy mass plays in 
determining faint satellite properties. 

Motivated to push near-held cosmology beyond the Lo¬ 
cal Group, we have completed a wide-held survey around 

NGC 3109 {Mv -15, D-1.28 Mpc; iMcConnachig 

l2012f) . the most p rominent galaxy in the ‘NGC 3109 
dwarf association’ (|Tullv et al.1 l200(ill . Other members 
of the dwarf association include the Antlia dwarf. Sex¬ 
tans A and B, and possibly the recently discovered Leo P 
(e.g. iGiovanelli et al.l[2013ll . Undertaken with DECam at 
CTIO, our goals were to hnd further faint satellite com¬ 
panions to NGC 3109 and to study the structure and 
metallicity of its halo. The complete dataset consists 
of 15 DECam pointings (45 deg^), giving partial cover¬ 
age out to R^lOO kpc from NGC 3109’s center. Typical 
image depths are r~24.5 mag, which is ~2 magnitudes 
below the tip of the red giant branch (TRGB) at D^l.3 
Mpc. 

During inspection of the incoming data at the tele¬ 
scope, we spotted a new dwarf galaxy companion to 
NGC 3109, which we have dubbed Antlia B (Figured)), 
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corresponding to its constellation and the prior existence 
of the Antlia dwarf. Here we present this new discovery. 
Future work will present a resolved stellar analysis of 
the halo of NGC 3109, as well as Hubble Space Telescope 
(HST) imaging of Antlia B and other faint dwarf galaxy 
candidates (PID: 14078; PI: J. Hargis). In §[2]we present 
our observational dataset, while in § [3] we present our 
physical measurements of Antlia B. We discuss Antlia B 
in context and conclude in § |4l 

2. OBSERVATIONS 

2.1. Optical Broadband Imaging 

The broadband data presented in this p aper were taken 
on 20 15 March 13 (UT) with DECam (jFlausrher et al.l 
1201511 on the Blanco 4m telescope (2015A-0130; PI: D. 
Crnojevic). DECam has 62 2Kx4K CCDs arranged in a 
hexagonally shaped mosaic. The pixel scale of 0'.'27 per 
pixel yields a total field of view of 3 square degrees. All 
of the imaging d ata were reduced us ing the DECam com¬ 
munity pipeline (jValdes et al.ll201'3 l. and we directly use 
the stacked, world coordinate system-corrected g and r 
band images. The final image stacks consisted of 7x300 
s and 7x150 s images in the g and r bands, respec¬ 
tively, with image point spread functions of ^079 for 
both. Small dithers between individual exposures were 
used to cover the chip gaps in the final stacks. 

We extracted a single ‘tile’ containing Antlia B 
(^45’x30’ in size) for our analysis. Stellar photometry 
was performed using a methodology similar to previous 
work on L ocal Croup/Volume dwarfs (e.g. I Sand et HI 
IMIIMI with the DAOPHOTII /Allstar oackatre 
(IStelonlll994l) . 

Several SDSS fields at varying airmasses were imaged 
every night of our NGC 3109 campaign, an d we utilized 
the R adiometric All-Sky Infrared Camera (iLewis et al.l 
[2?finll data in the image headers to verify that the sky 
was clear at each position. Calibration zeropoints, linear 
color terms and extinction coefficients were derived from 
the SDSS fields in order to convert instrumental mag¬ 
nitudes to the SDSS photometric system. Although the 
entire NGC 3109 DECam dataset was not photometric, 
the relevant Antlia B pointing was, and so we applied our 
derived zeropoints and color terms directly to our stellar 
catalogs. 

Once the photometry was calibrated, we performed 
artificial star tests (utilizing the DAOPHOT routine 
ADDSTAR) to determine our photometric errors and 
completeness. Over many iterations, we injected ^5x10® 
artificial stars into our data, with an r-band magnitude 
range of 18 to 30 and a. g — r color of —0.5 to 2.0, and 
re-analyzed these data in an identical fashion as the un¬ 
altered data. The 50% (90%) completeness level was 
at r=24.7 (23.6) and <7=25.3 (24.5) mag. The data do 
not suffer from crowding incompleteness until r~24.5 in 
the very central regions of Antlia B. For the purpose of 
this work, we simply derive our structural parameters for 
Antlia B with a magnitude cutoff of r=24.5 mag (along 
with consistency checks) so as to avoid any issues (see 
§[ 331 ). 

The final ph otometric catalog was correc ted for Galac¬ 
tic extinction (iSchlaflv fc Finkbeinei][2Ml[) star by star, 
with a typical color excess of E(B-V)r:! 0.069 mag. All 
magnitudes presented in this work have this correction 


applied. In Figure[T]we show the CMD of Antlia B within 
its derived half-light radius (§ 13.3|) . along with several 
equal-area ‘background’ C MDs. We discuss the stellar 
populations in Antlia B in § 13.21 

2.2. Ha Imaging 

Narrowband Ha imaging of Antlia B was obtained on 
2015 June 12 ( UT) with the G oodman High-Throughput 
Spectrograph (jClemens et al.l[2003l on the SOAR tele¬ 
scope. The observations (taken in l'.'5-2'.'0 seeing condi¬ 
tions) included 3x300 s in the Ha filter (AcerttraZ=6565 
A, FWHM = 65 A) and 4x120 s in the r band for con¬ 
tinuum subtraction. Standard image processing and cal¬ 
ibration steps were carried out to prod uce a continuum- 
subtr acted Ha image and flux limits (iKennicutt et all 
[2?i0l . No Ha emission was detected in association 
with Antlia B, to a 3(T point source detection limit of 
~2.1xl0”^® erg s“^cm“^. 

2.3. Green Bank Telescope Observations 

We obtained director’s discretionary time on the 
Robert C. Byrd Green Bank Telescope (GBT) in 2015 
June (Program AGBT15A_384; PI: K. Spekkens) to 
carry out position-switched H I observations of Antlia B. 
We used the Versatile GBT Astronomical Spectrometer 
(VEGAS) with a bandpass of 11.72MHz and 0.4kHz 
channels centered at Vlsr = 500 km s“^ in the H I line 
to obtain spectra along the line of sight to Antlia B as 
well as at several reference locations. The total integra¬ 
tion time of 35 mins was divided equally between the on- 
and off-target locations, the latter serving to flatten the 
spectral baseline in the target spectrum at the processing 
stage. The 9.1 arcmin full-width at half-maximum beam 
of the GBT at this observing frequency well exceed s th e 
half-light stellar diameter of Antlia B (~1.4’, see ? 13.2|) . 
and we therefore expect any H I in this system to be 
recovered in a single GBT pointing. 

The data were reduced using the standard GBTIDL0 
routine getps and smoothed to a spectral resolution of 
2 km s“^. The resulting spectrum is shown in Eig. [2] we 
detect H I emission along the line of sight to Antlia B 
with S/N^15. The profile peak at z;^eizo~375 km s“^ 
indicates that Antlia B has a very similar velocity to 
NGC 3109 ivheHo,Hi=^03 km s'l). 

3. PROPERTIES OF ANTLIA B 
3.1. Distance 

We measure the distance to Antlia B with the 
TRGB method (e.g. iLee et al.l 119931: iRizzi et all l2007t 
iGrnoievic et al.l 12014( 1. A Sobel edge detection filter 
is used to identify the sharp transition in the r-band 
luminosity function that coincides with the brightest, 
metal poor RGB stars which can be used as a stan¬ 
dard candle. We find rQ^TRGB = 22.55±0.06 mag for 
Antlia B, which corresponds to a distance modulus of 
(to —Mo) = 25.56±0.16 mag (D=1.29±0.10 Mpc), after 
adopting a TRGB absolute value of 3.01±0.1 

((Sand et al.l 1201411 . This value is iden tical to the dis¬ 
tance to NGC 3109 (Z)=1.28±0.02 MDc: lDalcanton et al.l 
l2009fl . to within the uncertainties. Considering both the 
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compatible distance and HI velocity between Antlia B 
and NGC 3109, we conclude that they are associated. 

3.2. Stellar Population 

Inspection of the CMD of Antlia B reveals a complex 
star formation history (SFH). In Figure [I] we show sev¬ 
eral r epresentative theoretical isochrones (iDotter et al.l 
(1200811 for the 13 .5 Gyr stellar populations, and 
IGirardi et al.l (|2010ll for the younger isochrones) over¬ 
plotted onto a GMD from within the half light radius, 
along with several background CMDs drawn from equal 
areas in outlying regions. The data are consistent with 
having an old, metal poor stellar population (>10 Gyr, 
[Fe/H]~—2), with a younger, more metal-rich component 
(~200-400 Myr, [Fe/H]~—1). The younger stellar pop¬ 
ulations are coincident with relatively heavy foreground 
star contamination, but the group of stars at g 0.5 

and r~23.5 are consistent with a ^100-200 Myr stel¬ 
lar population, with no counterpart in the background 
CMDs. In the CMD region occupied by the ~200-400 
Myr isochrones, the number of stars in the Antlia B 
CMD outnumber those seen in the background CMDs 
by a factor of ^2. There is no indication of a younger 
stellar population (<100 Myr), which concurs with our 
Ha non-detection. No GALEX imaging is available at 
the position of Antlia B. 

Antlia B’s SFH is analogous to that of the original 
Antlia dwarf (IMcQuinn et al.l 1201011 . which displays an 
old, metal poor stellar population (~10 Gyr), as well as a 
moderately young component of ^100-400 Myr. There is 
no very young stellar p opulation in Antlia (< 10 Myr) in 
deep HST photometry (IMcQuinn et al.ll201(^ , and no Ha 
detection (|Lee et al.ll2009H . Several other so-called ‘tran¬ 
sition’ systems (e.g. DDO 210 and LGS 3), have anal¬ 
ogous star formation histories as Antlia and Antlia B, 
with no very re cent star formatio n despite the presence 
of H I gas (e.g. iWeisz et al.l 1201111 . Upcoming HST ob¬ 
servations will provide a clearer picture of the SFH of 
Antlia B, which will allow for more direct comparisons 
between the two systems. 

3.3. Stellar Structure & Luminosity 

We determine the structural parameters of Antlia B 
with the same maximum likelih ood technique uti - 
lized for Local Group dwarfs (e.g. IMartin et al.ll2008ll . 
Stars which were consistent with old red giant branch 
isochrones placed at the distance of Antlia B were in¬ 
cluded in the structural analysis (but not explicitly 
stars from the younger ‘blue loop’ populations) down to 
r=24.5 mag. We fit an exponential profile plus a con¬ 
stant background to the data with the central position 
(ao,(5o), position angle {0), ellipticity (e), half-light ra¬ 
dius (r/j) and background surface density as free param¬ 
eters. Uncertainties on each parameter were calculated 
via bootstrap resampling the data 1000 times. Careful 
masking of both the saturated star and background spiral 
galaxy to the North of Antlia B (Figure [T|) ensured that 
these regions were de-weighted in the maximum likeli¬ 
hood calculation. As a check on our results, we repeated 
the calculations while only including RGB stars down to 
r=23.5, and found that the derived structural parameters 
did not change to within the uncertainties; we thus only 
report the parameters measured from our ‘deep’ maxi¬ 


mum likelihood run. The results of the structural analy¬ 
sis are presented in Table [TJ Antlia B has an exponential 
half-light radius of r/i=273±29 pc, and an ellipticity of 
e=0.30±0.05, both of which are comparable to the MW’s 
classical dwarf spheroidals. 

We estimate Antli a B’s luminosity direct ly via aper¬ 
ture photometry ('see lSand et al.l[20141201511 . We use an 
elliptical aperture matched to the half light radius, ellip¬ 
ticity and position angle of Antlia B and randomly place 
100 equal area apertures throughout the DECam tile to 
estimate the background. Eor the aperture centered on 
Antlia B itself, we only take flux from the Southern half 
of the ellipse and multiply it by a factor of two, assum¬ 
ing symmetry. This avoids the contamination from the 
foreground saturated star and background spiral galaxy 
(Figured)). Accounting for the fact that our aperture also 
only covers half the total flux of Antlia B, we find Mg = 
—9.4±0.4 and Mr = —9.9±0.4, where the uncertainty 
was calculated based on the scatter in measurements 
from the background apertures, as well as the uncertainty 
in the distance modu lus. Using the filter transformations 
of IJordi et al.l (|2006fl . this leads to My=—9.7±0.6 mag. 

3.4. HI Content 

We measure the systemic velocity Vheiio,Hi, velocity 
width at 50% of the profile peak W50hi, and the H I 
line flux 5'2i for Antlia B from th e H I spectrum in Fig. 2 
following the approach detailed in lSoringob et al.l (1200511 . 
and tabulate the resulting values in Table 1. Adopt¬ 
ing D=1.29±0.1 Mpc, the S '21 measurement corresponds 
to an H I mass of Mhi = (2.8 ± 0.2) x 10® Mq, where 
the uncertainty includes contributions from the H I spec¬ 
trum and TRGB distance added in quadrature. The H I 
mass to stellar luminosity ratio of Antlia B is therefore 
Mhi/Lv ^ 0.4(Mq/Lq), implying that Antlia B is a 
gas-rich dwarf irregular galaxy. We compare Antlia B’s 
H I gas fraction to other Local Volume dwarf irregulars 
in § 4. 

4. DISCUSSION AND CONCLUSIONS 

We have presented the discovery of Antlia B, a faint 
dwarf galaxy R'^72 kpc in projection from the cen¬ 
ter of NGC 3109 (D=1.28 Mpc; U0=4O3 km s'^). 
Antlia B’s inferred distance (1.29±0.1 Mpc) and H I 
velocity (r!Q=376 km s“^) make the physical associa¬ 
tion with NGC 3109 certain. The stellar population 
of Antlia B is complex, with an old and metal poor 
component (>10 Gyr; [Fe/H]~—2) as well as a younger 
stellar population (^200-400 Myr). We detect Mhi = 
(2.8±0.2) X10® Mq of HI gas in Antlia B, implying that 
it is a gas-rich dwarf irregular galaxy. 

We compare the physical properties of Antlia B with 
other members of the NGC 3109 association and Lo¬ 
cal Volume in Figure [31 To compute the H I gas 
mass to stellar mass ratio (which probes the efficiency 
of gas conversion to stars) we have assumed that 
{Mstar/Lv)/{MQ/LQ)=1 and translated our absolute 
U-band magnitudes. Antlia B’s properties are broadly 
consistent with other Local Volume members of its size 
and luminosity. In pa rticular, it is most similar to Leo P 
(|McQuinn et al.ir2013D . albeit with a slightly lower HI gas 
mass fraction. 

Given their proximity to NGC 3109, both Antlia 
(projected separation of ^ 40 kpc) and Antlia B (pro- 
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jected separation of ~ 70 kpc) may be surprisingly gas- 
rich. Galaxies with similar stellar masses to NGC 3109 
{Mstar ~ 1 X 10® Mq) in the ELVIS simulation suite 
(Garrison-Kimmel et al. 2014) have dark matter halo 
virial radii of ^ 100 kpc. Therefore, unless the line-of- 
sight separations of Antlia and Antlia B are at least as 
large as their projected ones (and keeping in mind that 
both Antlia and Antlia B’s line of sight distance uncer¬ 
tainty is '^lOO kpc), they lie within the virial radius of 
their parent galaxy. Satellites within the MW’s virial ra¬ 
dius with similar stellar masses to An tlia and Antlia B 
are devoid of H I (jSoekkens et al.l2014[) , consistent with a 
scenario in which ram pressure stripping from the MW’s 
hot gas corona has swept away their int erstellar me¬ 
dia d uring past pericentric passages (e.g. iGatto et al.l 
l2013fl . although other physical m echanisms may con¬ 
tribu t e to this gas remov al (e.g. iGrcevich fc Putni^ 
120091 : iSoekkens et al.ll20l4 for recent discussions). The 
H I richness of Antlia and Antlia B therefore suggests 
that they have not yet reached a point in their orbits 
where ram pressure stripping is effective: this could be 
because they have not yet had a pericentric passage, or 
because either their orbital speeds are not high enough or 
NGG 3109’s hot corona isn’t dense enough at pericenter 
for the mechanism to have much effect. 

Recently it has been suggested that the NGC 3109 
dwarf association displays a linear configuration in both 
spatial and velocity coordinates, suggestive of a.n in¬ 
falling filament or tidal orig in (jBellazzini et al.l 120131 
[Pawlowski fc McGaughj[2014fl . While Antlia B does ap¬ 
pear to fall on this proposed linear structure, this is nec¬ 
essarily the case because of the geometry of our survey, 
which extended out to i?^100 kpc from NGC 3109. 

The substructure properties of sub-MW mass halos is 
an unobserved portion of parameter space, but Simula¬ 
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Fig. 1.— Top: DECam r-band image of Antlia B. Note the saturated foreground star and background spiral galaxy which partially 
overlaps Antlia B in the Northern direction. North is up and East is to the left. Bottom: In the two left panels, we display our CMD 
of Antlia B within 1 (43(^2). Along the left side of the far left CMD are the typical uncertainties at different r-band magnitudes, 

as determined via artificial star tests. The blue dashed line shows the 50% completeness limit. In the second panel we plot several 
representative theoretical isochrones, indicating that Antlia B has both an old, metal poor stellar population (>10 Gyr, [Fe/H]~—2) and 
a younger, more metal-rich component (^^200-400 Myr, [Fe/H]~—1). See ^ 13.21 for a discussion. The three right panels show CMDs from 
random equal-area regions, illustrating typical “background” CMDs. 
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Vhel (km/s) 


Fig. 2.— Position-switched, 2 km s ^-resolution H I spectrum obtained with the GBT along the line of sight to Antlia B. The profile’s 
spectral location corresponds to ‘U/ieHo,ifJ=376di2 km s~^ and the implied H I properties are consistent with expectations for a gas-rich 
dirr satellite of NGC 3109 (which is at Vhelio=‘^^^ km s“^). 




Fig. 3.— Left: Absolute magnitude as a function of ha l f light radius of Antlia B and the rest of the NGC 3109 association. Also 
plotted are Local Group dwarf galaxies (|McConnachieir2012l : f^nd et al'1l2012l: IKodosov et al.ir2Q15l') . Antlia B is similar to Leo P, while 
the NGC 3109 association as a whole is consistent with the dwarfs in the Local Group. Right: The ratio of Mm/Mstar as a function of 
stellar mass for the NGC 3109 association and Local Volume dwarf irregulars. Antlia B has a typical Mm jMstar for gas rich, low stellar 
mass members of the Local Volume. 


TABLE 1 

Antlia B Properties 


Parameter Value 


RAo (h:m:s) 

DECo (d:m:s) 
m — M (mag) 

D (Mpc) 

My (mag) 

Th (arcsec) 

rh (pc) 
e (deg) 

521 (Jy km s“l) 
W50hi (km s“'^) 
Mhi (IQS Mq)_ 
^helio,HI (km s 1) 


09:48:56.08 ±2.1” 
-25:59:24.0 ±3.8” 
25.56±0.16 
1.29±0.1 
-9.7±0.6 
43.2±4.2 
273±29 
0.30±0.05 
4.0±12.0 
0.72±0.05 
17± 4 
2.8 ± 0.2 
376 ± 2 























